) from Nacalai Tespue Co. The supports were dispersed in an aqueous solution containing known amounts of Pd(NO3)2 and Ce(NO3)3. The amount of Pd loaded was 5wt% as metal. The solution was stirred for 1h at room temperature, then evaporated to dryness using a rotary evaporator. The solid ed, the amount of Ce used was equimolar to that of Pd.
Apparatus and Procedure
The reaction was carried out in an ordinary flow * To whom correspondence should be addressed.
reactor under atmospheric pressure.
The catalyst (0.5 ml) was charged in a tubular reactor and reduced under containing 3.8vol% of MeOH was introduced into the until the prescribed temperature was attained. The products were analyzed 10min later. Hydrogen, CO, CH4, and CO2 were analyzed with a Shimadzu GC-3BT gas chromatograph (Unibeads C column (3m) at with a Shimadzu GC-4BTP gas chromatograph
Temperature programmed reduction (TPR) was carried out in a flow reactor.
Hydrogen (1.9vol% in Ar) was introduced into the reaction tube containing the catalyst under atmospheric pressure (30ml/min).
The the amount of H2 consumed was monitored with a Shimadzu 4CPT gas chromatograph equipped with a TCD detector. 2.3. Analyses XAFS measurement was carried out in the transmission mode at the BL-10B station for Pd K-edge spectra (ring energy: 2.5GeV, ring current: 313-441mA) and at the BL-7C station for Ce LIII-edge spectra (ring energy: 2.5GeV, ring current: 264-445mA) of the Photon Factory in the High Energy Accelerator Research Organization (Tsukuba, Japan). The catalysts were sealed in a Q-pack pouch under nitrogen.
The method of data analysis is described elsewhere42), 43) 3. Results and Discussion Figure 1 shows that the catalytic activity of Pd CO and H2. At higher temperature, CH4 and CO2 were produced over Al2O3, ZrO2, and MgO, probably through the following methanation (Eq. (1)) and shift reactions (Eq. (2))39).
Only Pd/SiO2 did not produce CO2 and CH4, probably because this catalyst does not activate CO to form CH4 via C-O bond rupture in this temperature range. Dimethyl ether (DME) was formed over Pd/Al2O3 at low temperature, which indicates that dehydration of MeOH occurs at the acid site of Al2O344).
The effect of CeO2 on the activity of these catalysts is shown in Fig, 2 . Little effect was seen on MeOH decomposition and products distribution for Pd/Al2O3. MeOH decomposition was accelerated a little for Pd/ MgO and Pd/ZrO2. MeOH decomposition for Pd/ SiO2 catalyst was greatly increased to levels similar to those of Pd/CeO2/MgO and Pd/CeO2/ZrO2. In addition, high selectivity to CO and H2 was stably mainproducts were formed on other catalysts. The activity of Pd/SiO2 for MeOH decomposition was increased, maintaining the inherent low activity for C-O bond scission. Therefore, we further investigated the properties of Pd/CeO2/SiO2. Figure  3 shows the results of the TPR experiment of consumed H2 exactly corresponded to the above stoichiometry for Pd/SiO2. Addition of CeO2 caused the peak to shift to a higher temperature region, and the extent of the shift was greater for a molar ratio of CeO2 to Pd of 3 than equimolar CeO2. This observation indicates that CeO2 prevents the reduction of Pd. When the amount of added CeO2 is large (Ce/Pd molar ratio=3), the amount of consumed H2 exceeded the above stoichiometric value. Therefore, reduction with H2 also involved the oxygen in CeO2.
The XANES and Fourier transform (FT) EXAFS On addition of CeO2, the shape of the spectrum of Pd slightly changed and the absorption edge shifted to a slightly higher energy. This observation coincides with the fact that CeO2 prevents the reduction of Pd as suggested by the TPR result. The FT of the EXAFS spectra gives some information about the state of the interaction in metallic Pd. On addition of CeO2 to Pd/ SiO2, the intensity of this peak decreased and the decrease was greater with larger amounts of CeO2. Therefore, CeO2 probably increases the dispersion of the metallic Pd particles. Table 1 shows the result of curve fitting of the FT-EXAFS spectra. The coordination number (CN) around Pd clearly decreases with addition of CeO2.
The addition of CeO2 remarkably increased the activity of relatively inert Pd/SiO2 for MeOH decomposition without affecting the high selectivity for CO and H2. This high activity is partly due to the increased dispersion of Pd metal particles. CeO2 maintains small amounts of Pd in the oxidized state, perhaps in the interface region between Pd and CeO2, which also causes the high activity of Pd/CeO2/SiO2 as in the case of Pt/CeO2 catalyst39). Therefore, the highly active state of Pd is considered to be finely dispersed metallic Pd with oxidized Pd in the periphery in contact with CeO2. 
